! AIPLANE Pilot : Captn. Roger Over

Honors Physics
Ch 3. Vectors

Lesson 1: Vectors in 1-D

Vectors - have magnitude and direction ,
What’s your vector Victor? -Over

Scalars - have magnitude only e il &Sl O =L

Notation
— Vector symbol A = Vector
A = Scalar

/N Unit vector X = 1 unit in the x-direction

Vectors - Graphical Representation
Vectors can be represented using “arrows”
Length of the arrow = magnitude

Direction the arrow points = direction (given by unit vector or angle 0)

Example: “Positions represent vectors because they are defined
relative to an origin.

A= +3mg%x I ! A M -
x(m)

) B |

B= -4mx < — (e — I I |

x(m)
Positions have distance (magnitude) from the origin and they have
direction from the origin.



Vector Addition in 1-D

A+B=C

The sum of two vectors is a vector, C is called the resultant vector of the
vector addition.

Graphical Method for adding vectors

- ) | A
A= +3m# | | —— -
X(m)
_ B
B= -4m%X - 54\ i I e |
X(m) rip Tail

Say you want to find vector C =A + B

Tip to Tail Method — Graphical Approach — Use Ruler
1. Take the tail of vector B and connect it to the tip of vector A
(Note: do not change the orientation of B just “pick it up” and
“pin it down”)

2. Connect the tail of A to the tip of B with the new vector C

B
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Vector C is called the resultant vector



Algebraic Method — Simple Addition

Say you want to find vector C =A + B
A= +150 m X
B=-25mx

And

You can always + or — vectors that are along the same axis the same as
you would + or — numbers:

—_—

A=+ 150mx
+ B=—25m%
é: “lbﬂ\'f)\(

A=+ 573.5my

+ B=—4325m7
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Vector Subraction in 1-D

Vector Subtraction is the same vector addition but now you must add the negative

of the vector

“Toke. “\\\& D%)tzfﬂe f_\(‘ \!ed?,r‘ F%

A +(_B) =C Hon odd!

Example: Use Icm for 1 unit below.

A=43% B=-7
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Algebraic vector subtraction in 1 dimension is just like regular subtraction of
numbers.

—_—

A=+ 4x
— B=—(-17)%

— i PN
C= llx

A 4



Lesson 1 Problems: Vectors in 1-D

1. Use both the tip-to-tail and the algebraic method to determine the Resultant Vector. Use the
scale that 1 cm = 1 unit for the given vectors

A=4% B=—74 C=A+B by
F 15 %
=y ya . ) +5
R | {' = : = | — “'—Z;*“' — L
3
A=-5% B=+9% C=A+B s
F. N
= < 3 o . +5
A=45% B=135% C=A+B T

—5& | L +£ -
b | I,..._ } % — L
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2. Use both the tip-to-tail and the algebraic method to determine the Resultant Vector. Use the
scale that 1 cm = 1 unit for the given vectors
A=+5% B=+83% C=4-B
‘ A )
—X B = - | ':- +x4
< | L
A=-4.5% B=46% C=4A-B
| f= 4 S
% £~ +X
A=-55% B=-10% C=4-B C="
= N £ ¥

v
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Lesson 2: Vector Components in 2-D

Trigonometry Review — Right Triangle Mathematics is critical for
working with vectors in 2 Dimensions.

siné?:ﬁ

cosf="— y
H

tan9:9 ' SoH4 CAY /I—Q_ﬁ\\\



Vector Components in 2-D

*Any 2-D vector can be broken down into two component vectors such that

A=A +4,

- ——— _-___._———_____.’

i% ﬁ}{ - (iéﬁﬁ.:fi{)
Vector A written in Component Form is sometimes called Cartesian Form.

Vector A written as a length and an angle is called Magnitude and Direction
Form or Polar Form

Com P(::_.Lm*- ‘%ﬁn 4

-

S A
A=-43lemx * 5.5 cm

Mcae r\l*uc’“o i) r\cl c‘l\"’e(“h cn TOY
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Given the component vectors you can find the vector that they
make and the angle 0.

J
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6="344Y Ly
A =-55cmX i
__________ P X SR
0 | X
A =-25cm ¥ i
y i i
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Given one component vector and the angle 0 you can find the other
component vector and the vector itself.

A — ,Dn'acq("m
Y np Y

et

T
A% - __:' A “?_ &
Jrf\f\sti’ "5 Ay F~\ -5 *Qa(‘/
---------- e S
= - A A =-3cmX% i - . =
]:\ =1J\(u(m.¢3 X i P\ :?)75(§'CW
_ A
A = LOAI1 emx
X

A= 3 1GA%cm

— _— = .
A, > |0 lemx A=z 100 « 3.1935em
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Lesson 2 Problems: Vectors in 2-D

1. Find the component vectors given the information below

— o B '\'

A = . f(;l,m"

f_& —’\(30L~'\
y

A = [J“J‘{ Cne
A

X
= l-lcia.cm
Y
» ¥
A A=53cm i
ol 0=13° o i
By = 53913 A 5543 - 6. ¢Hom

A = %Smlq z |
¥

. c‘ SSLN\.
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2. Find the Vector and the Angle shown below.

A
v
A= 20bHem !
6= 405" | A =+3.5cm §
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3. Find the component vector and the resultant vector.

oo A
TondB= — 5 [\ 3450

@.2

I
A =‘5~LIUccwa j
’ A= J65% 43456 « 7.302em
A= 7!5(0&(:?\!\/ ‘ R y ' ’

Ay |

__________ s
A =-6.5cmX i *
X 1
A = FHASw
X

3 :
To Aol ® ﬁ - ’l\x ® ? ‘Ll LOUA

X

A= )32 F4a5™ = B.00Bom-
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Lesson 3: Vector Addition in 2-D

Tip to Tail Method — Ruler and Protractor

Measure vectors A, B and C below in em and write them with unit vectors to show direction.
Measure the vector R with a ruler and write down its length.

Measure the angle 0 with a protractor and write it down

Y

S e e e e R S

Now confirm that when you add and subtract the component vectors you get the correct vector R
in Component Form.
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R= -3 3 i+ L. B9
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Measure vectors A, B and C below in em and write them with unit vectors to show direction.

Ty

Using a ruler and protractor show the tip-to-tail vector addition R=A—B+C below. Draw in the \
vector R and measure the angle 6 it makes with the negative x axis.

OV

S
P

Now confirm that when you add and subtract the component vectors you get the correct vector R
in Component Form.

A= A4 2+ Oem o
_A TUM R i 7 i - -
O = el K=Ji3 1333 D eme

B= 0 X ¥

e 5%(;%&, X + lr_l__\'.“;:,w_,, ¥ v (L7 , ©
) =Tan (3".,\ = Q6. 565 |

R=-3Yem. £+ -l]owmyp

23R @3¢ .6°
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Using a Ruler and Protractor write each of the vectors in Polar Form

A= 54 em, 6 = 40" |
3 Pl
B: C*‘f’) cm, H = (3‘)‘55

Using Right Triangle Math calculate the following components and verify the addition of the 3
vectors in component form corresponds to the polar form above.

;i: E clbj X + I)i!';\f\ j) E

B= 6l 2+ QARE F D= |- 21y |
E= 3 £+ -dL5 3 |

R= £+ 4y »
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Using a ruler and protractor write down the vectors in Polar Form

Y A= ?)"5 cm, QA: l](DD
B= b om0 -%"

7 é: 1LE cm, 0 = l70
B UbenSbr .57
By Y. lsia 56 39

== mmmmmmmmm—m——————
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3.2} {:rﬂug D= '21 '?‘
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C,

Using a ruler and protractor show the tip-to-tail vector addition R=A+B+C below. Draw in the
vector R and measure the angle 6 it makes with the negative x axis.

Calculate the component form of each of the vectors and confirm that the vector R is the same as

B_1.50 T L= 135 +3 P =49
B=1S" 2+ AN A RE
C= '(’L x + L b o - o ) ( %ﬁcfv.>

&= 19" U3
R=-1.% X + %L y (9:@1.“0"
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Using a ruler and protractor show the tip-to-tail vector addition R=B—A—C below. Draw in the
vector R and measure the angle 0 it makes with the positive x axis.
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Calculate the component form of each of the vectors and confirm that the vector R is the same as

A= -25% g4+ 20T 3
B= 1759 % % Y by
‘C': @Ql )’(‘I "2\ j}
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Lesson 3 Problems: Vector Addition in 2-D

1. Using a Ruler and Protractor write each of the vectors in Polar Form. Then calculate the
component form of each of the vectors and calculate that the vector R in Component Form.

N L O (W 3
=10 cm, 0 = 53

=g A
' 4 B= 4.9 cm, 9—’27’0

- Bt cm, g=" ’

— -
(‘J_.,o\m. - ‘3 Lf‘.-)!/')‘ /"
R
- Ben = e
‘a-;\ =B, Leos 172 fkb 4 X
Z‘: _',J/z" )?j + - | j}
B= -3 £+ HYYS50my
é: ‘7.’3”(” % 'z H e j}

Using a ruler and protractor show the tip-to-tail vector addition of A + B + C below. Draw in the
vector R and measure the angle 0 it makes with the x axis. Confirm that it matches your answer
above.
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2. Draw in the following vectors below. -
& o A=35em, @ =18° up from — x axis
A

B=60cm, QB =20° up from + x axis

Y f é= 5.0 ecm , 9C = 20° down from + x axis
:
1
1
1
h - 7 - (G .
| ¢ | R sk H - | _ ‘
; i \w\\%\_ | /2/"‘: (oM
_____ | _______\ 140 ~g O , ' <ot S Y
= AT Cy:5e0570=47
[ ‘!V,f. | . r P -, X
Gy 5284 £ {, /]

Calculate the component form of each of the vectors and calculate that the vector R=A+B+C in
Component Form.

A=-323 £+ 1O y
B= 5,64, £ 1 P R = oty it
C= Y4m 2+ =171 RN
9:_,_““—1(% - |145°
F= 7.0l £+ W= 3 ‘

Using a ruler and protractor show the tip-to-tail vector addition of A + B + C below. Draw in the |
vector R and measure the angle 0 it makes with the x axis. Confirm that it matches your answer ‘
above.
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Using a ruler and protractor show the tip-to-tail vector addition of A — B + C below. Draw in the
vector R and measure the angle 6 it makes with the x axis. Confirm that it matches your answer
above.

B R =

MEASVLED s P =5, um
©= 3L

A 333% Lo%i‘a

N ~

_R2) oM x v -2.05
HEB) SO 3
¥O0. 47 ox ¢ ‘ma

e i S

E z - L-L’lq';(\ - Z(e?gg

K= \Efl'ﬂ 1203 = S0Yuw
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Vector Problems with Physics Applications

1. A plane is flying at an angle of 35° to the horizontal ground at a speed of 250 mi/hr. If
the sun is directly overhead shining straight down, how fast is the shadow of the plane
moving along the ground. That is, calculate the x-component of the speed of the plane.

2. A man walks 2 miles east, 3 miles north, and then 7 miles 30° north of west. What was
his displacement in both magnitude and direction and component form? Calculate

your answer both analytically and with a ruler and protractor.
A=
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3. A pole has 3 ropes tied to it with the forces shown for 2 of the ropes. Calculate the force
and the angle 0 that would be required of the 3™ rope so that no resultant force is exerted
on the pole. . ‘ .

Fa= 50 Ibs

Fi1= 351bs

'\_ U<t | = B PA ———

| B
Y JLOS
ol

i i

<
\
V2,

4, If a force F of 300 lbs is pushing on a flat surface at an angle of 25° as shown, how much
of the force is acting along the surface and how much of the force is pushing directly
down into the surface.

5. A rocket is moving vertically upward with a speed of 2 km/s. How fast to the right
would the thrusters have to make the rocket go if you want the rocket to travel at 20° to
the vertical? What would be the overall speed of the rocket at that point?

. -
‘/



